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WO 00/03280 PCT/DE99/001488 
Wavelength Router for an Optical Bidirectional Data Transfer 
Prior art 

The invention is based on a generic type as described in the 
independent Patent Claim 1. 

A subscriber connection network for a data transfer of this 
type contains what is referred to as a terminal exchange, also 
known as a CO (Central Office) . Arranged in this are a plurality 
of transceivers, which, are allocated to the individual subscribers 
and which operate at different optical wavelengths, and which are 
connected to the inputs of a wavelength router. This delivers a 
wavelength multiplex at the output, which is conducted to the 
input of a transmission line. The output of the transmission line 
is connected to the input of a second wavelength router arranged 
in a cable distributor arranged in a second wavelength router, 
which breaks the transferred wavelength multiplex down again into 
the individual /wavelengths for the subscriber connection lines 
which follow. 1 The subscriber connection lines are in turn 
connected to the transceivers allocated to the individual 
subscribers. The direction of transfer from the terminal exchange 
to the cable distributor is designated in general as the 
downstream direction, while the opposite direction, from the 
subscribers to the terminal exchange, is designated as the 
upstream direction. 

The coupling- in of the signal from a subscriber in order to 
form the wavelength multiplex, and the decoupling of the signal 
from the wavelength multiplex for it to be broken down into the 
individual wavelengths for the separated subscriber lines is 
effected in a coupling/ decoupling filter, which in general and in 
the following description is designated as an add/drop filter. A 
filter of this nature contains two 3 dB couplers, between which is 
located a reflection grating, in particular what is known as a UV- 
induced Bragg grating, which is tuned to the wavelength of the 
coupled -in or decoupled signal. . In the cable distributor, for 
example, the decoupling of the signal for a subscriber is carried 


out in Che add/ drop filter, fed from the transmission line, in 
that the signal received is reflected in full with a specific 
wavelength to the Bragg grating, and can be drawn off at a 
connection of the 3 dB coupler. The other wavelength, multiplex 
5 signal, without the decoupled signal, runs through the add/ drop 
filter, and is conducted from the connection of this filter to the 
next add/drop filter, for the decoupling of the signal with 
another wavelength for the next subscriber. The decoupling of a 
signal for a subscriber to form the wavelength multiplex is 
10 effected by the signal being conducted to the 3 dB coupler of the 
add/drop filter. The signal is reflected completely in the Bragg 
grating, and is therefore inserted into the wavelength multiplex 
running in the upstream direction via the add/ drop filter and the 
transmission line. 

is From the prior art, wavelength routers are known which 

consist of a series circuit of four drop/add filters (A.N. Rourke 
et al . , "A low loss 4-channel wavelength demultiplexer based on 
fibre Bragg gratings", Proc. ECOC'96, WeD.1.7, 3.15 ff . ) , 
manufactured in fibre technology. It is also known that this 

20 arrangement can be realised in a PLC (Planar Lightwave Circuit) 
technology (G.E. Kohnke et al . , "Planar waveguide Mach-Zender 
bandpass filter fabricated with single exposure UV-induced 
gratings", Proc. OFC'96, ThQ6, pp. 277 ff.). 

The wavelength router with a plurality of add/drop filters 

25 connected in series represents a considerable investment in 
circuitry, especially since in each case only the signal with a 
wavelength for one subscriber can be decoupled or coupled in with 
one add/drop filter. 

The objective on which the invention is based is the 

30 reduction of the overall circuit investment for the add/drop 
filter in the wavelength router. This objective is achieved by 
the invention described in Claim l . 

Advantages of the invention 

35 

Thej invention achieves the purpose that the coupling and 
decoupling of the signal can be effected in the same add/drop 
filter, i.e. the filter can be used for a double purpose, without 


3 


interference or cross-talk occurring between the signals. The 
displacement of the wavelength between coupling-in and decoupling 
does to a certain extent decouple these two processes. The 
transceiyers located in the subscriber lines are adjusted 
5 selectively to a wavelength in such a way that no interference 
from an adjacent wavelength can arise. If the same wavelength 
were to be used in an add/drop filter for the coupled- in signal 
and the decoupled signal, tolerances in the components would then 
lead to temperature changes, insertion losses, and similar 
10 unacceptable interference and cross -talk. 

Advantageous embodiments of the invention are described in 
the dependent Claims. 

\ I 

Drawings 

15 ; 

A number of embodiments of the invention are represented in 
the drawings and explained in the following description. The 
drawings show : 

Figure 1 : An add/drop filter designed and operated in 
20 accordance with the invention; 

Figure 2: A wavelength router with a plurality of add/drop 
' filters of this nature, connected in series, and a bidirectional 
transmission over two separate fibres ; 

Figure 3 : A wavelength router with decoupling and coupling 
25 of the signals from and into the add/ drop grating 1 , which deviates 
from that shown in Figure 2, and a bidirectional transmission via 
only one fibre,- 

Figure 4 : A variation from Figure 3 , in which the 
wavelengths for the two directions are not interlocked, and 
30 Figure 5 : A combination of the embodiment with, only one 

subscriber connection line for each subscriber Tin, and with 
transmission over two fibres for both the directions. 

The symbols used in the description and in the drawings have 
the following significance: 
35 For "downstream" = from the terminal exchange in the 

direction towards the subscriber; 


1 We believe this should read ' add/drop filter' 
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Index of the individual subscriber and Che associated 
wavelength X 

For "upstream" = from the subscriber in the direction towards 
the terminal exchange 
5 X wavelength of the optical signal 

wavelength of the signal decoupled from an add/ drop filter 
Xi.-! wavelength of the signal coupled into an add/drop 

filter. 

In Figure 1, an add/drop filter 1 contains a first 3 dfl 

10 coupler 2, a second 3 dB coupler 3, two 3 dB couplers 3, two Bragg 
gratings 4, 5, tuned to a wavelength Xi, and two Bragg gratings 6, 
7, tuned to a wavelength Xi.!, which all have the effect of 
creating a complete reflection of the signals with the wavelengths 
Xi and Xi.! respectively. The connection 8 of the filter 1 is 

15 connected to the output of a transmission line 9 coming from the 
terminal exchange, and the connection 10 is connected to the input 
of a following add/drop filter for another wavelength. A 
connection 11 of the filter 1 serves to couple in (add) a signal 
Se with the wavelength Xi.! and to decouple (drop) a signal Sa with 

20 the wavelength Xi . An add/ drop filter is located, for example, in 
a wavelength router in the cable distributor, and serves to couple 
in the signal from a subscriber with a specific wavelength into 
the wavelength multiplex transferred via the line 9 to the 
terminal exchange, and to decouple from the wavelength multiplex 

25 coming via the line 9 the signal for a subscriber, in a frequency- 
selective manner. 

The manner of effect of this filter is as follows: 
The decoupled signal Se with the wavelength Xi.i is conducted 
to the connection 11, passes via the 3 dB coupler 2 to the Bragg 

30 gratings 6, 7, and is reflected by them completely in the upstream 
direction, u. Accordingly, it is already conducted into the 
add/drop filter which follows the connection 10, and is inserted 
via the line 9 into the wavelength multiplex being carried in the 
upstream direction u. The signal Sa with the wavelength \ ± 

35 received and decoupled in the wavelength multiplex from the line 9 
is reflected in this in its entirety to the Bragg gratings 4, 5, 
passes via the 3 dB coupler 2 to the connection 11, and can be 
conducted from there to the corresponding transceiver for the 


subscriber with a wavelength k L , 

It can be appreciated thajt the signals Se and Sa processed 
simultaneously in the add/drop filter 1 have different wavelengths 
in each case, and that interference between these signals, for 
example in the form of cross-talk, will be avoided. The 
difference between the wavelengths k t and Xi^ corresponds for 
preference to a wavelength interval of the wavelength multiplex. 
The wavelengths Xi on the one hand and k^ on the other, are for 
preference intertneshed or interlocked with one another in the 
wavelength axis. It is also possible, however, that all 
wavelengths X A for the decoupling are located in a first 
wavelength range and all wavelengths for the coupling -in lie in a 
second wavelength range, adjacent to the first in the frequency 
axis . 

The coupling and decoupling of the signal does not 
necessarily take place at the same connection of the add/drop 
filter, as shown in Figure 1. It is also possible that the 
coupling of the signal from a subscriber will be effected into the 
wavelength multiplex at the right-hand end of the add/drop filter 
via the 3 dB coupler 3. Instead of the two reflection filters 4, 
5 or 6, 7 respectively, tuned to different wavelengths Xj and X^, 
it is also possible in each case for a wideband reflection filter 
to be used, the band width of which extends in each case over the 
wavelengths Xi and Xi_i. 

Figure 2 shows a wavelength router 14 with a plurality of 
add/drop filters 1, located in series. The wavelength multiplex 
coming from the line or fibre 9a is conducted to the first 
add/drop filter la, where the signal with the wavelength Xj. f or 
the subscriber Tin 1 is decoupled in the manner described. The 
wavelength multiplex running through the add/drop filter la 
without the decoupled signal for Tin 1 then passes to the next 
add/drop filter Lb, where in the same manner the signal with the 
wavelength X 2 for the subscriber Tin 2 is decoupled. In this 
manner, the signals with the wavelengths k x ~ k n for the 
subscribers Tin 1 to Tin n, in n add/drop filters la to In, are 
output one after another on separate lines 12, and conducted to 
the selective transceivers in each case for the individual 
subscribers Tin 1 - Tin n. As a departure from Figure 1, in 
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Figure 2 the decoupling and coupling- in of the signal are effected 
at different connections of the add/ drop filter, for example at 
the filter la at the connections No. 4 and No. 2. 

In addition to this, the outgoing connection lines 13 from 

5 the subscribers Tin 1 to Tin n are coupled in at the inputs of the 
wavelength router 14 to the individual add/drop filters la-ln, 
where the selective signals are coupled- in in the manner 
described, and create the wavelength multiplex for the transfer 
via the line 9b in the upstream direction u. The transfers in the 

10 downstream (drop) direction d and in the upstream (add} direction 
u, are accordingly effected in Figure 2 via separate fibres 9a and 
9b, whereby the wavelength multiplex for the transfer in the 
■upstream direction u emerges at the output (No. 3) of the last 
add/drop filter In. The transfer in the downstream direction d is 

is effected according to Figure 1 at the wavelengths Xi and the 
transfer in the upstream direction u at the wavelengths \±.±. 

With each of the individual add/drop filters la to In, the 
wavelength of the decoupled signal Sa again amounts to \ it while 
that of the coupled- in signal Se amounts to \s.. lr whereby the 

20 wavelength difference between X L and X L .^ is for preference equal 
to a wavelength interval of the wavelength multiplex. As a result 
of this wavelength displacement between the decoupled signals for 
the transfer in' the downstream direction d and the coupled- in 
signals for thel transfer in the upstream, direction u at each 

25 add/drop filter la-ln, interference and cross-talk between these 
signals is avoided. 

In Figure 3, the transfer in the upstream direction u and the 
downstream direction d, by contrast with Figure 2, is effected via 
a common line or fibre 9, whereby, as in Figure 1, the coupling 

30 and decoupling is effected at the same connection (terminal 4) of 
each add/drop filter 1 . The bandwidth of the reflection filter 
extends over the two adjacent wavelengths X A and X^, in which 
situation the wavelengths Xj for the downstream direction and X^ 
for the upstream direction are intermeshed or interlocked with one 

35 another. 

Figure 4 shows an embodiment in which the wavelengths X A for 
the downstream direction d and k ui for the upstream direction u 
are not intermeshed or interlocked, but the wavelength ranges for 
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both directions are juxtaposed with one another,- i.e. they follow 
one another in the frequency axis. In each add/ drop filter 1, 
decoupling takes place at the wavelength Xi+n X. The 
bidirectional transfer is again effected via one single fibre 9. 
s In Figure 5 the wavelength multiplex is fed in from the line 

or fibre 9a in the downstream direction d into the wavelength 
router 14. The add/ drop filters la to In are arranged in column 
fashion in the centre and connected to one another in meander- 
fashion. With the first add/drop filter la, no coupling-in is 
10 provided for, and no decoupling with the la3t add/ drop filter in. 
Each subscriber Tin is connected via a line for decoupling and 
coupling to the wavelength router 14. The transfer for the two 
directions is effected via two separate fibres 9a and 9b. 


t 
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Claims 


1 . Wavelength router for an optical bidirectional data 
transfer by means of a wavelength multiplex with a series circuit 
5 of coupling/decoupling filters (1) , whereby the incoming signal 
for a subscriber is frequency- selectively decoupled in the 
filters, and the outgoing signal from a subscriber is frequency - 
selectively coupled in, characterised in that the decoupling and 
coupling are effected in each case for a subscriber (Tin) in the 
10 same coup ling /decoupling filter (1) , and in the filter (1) the 
decoupling is effected at a wavelength \ L and the coupling- in at a 
wavelength X^-i, which is displaced downwards by one wavelength 
difference of at least one wavelength interval of the wavelength 
multiplex. 

is 2. Wavelength router according to Claim 1, characterised in 

that the coupling!/ decoupling (add/ drop) filter (1) features two 


reflection gratingjs (4, 6; 5, 7) connected in series, one of which 
is tuned to the wavelength Xj. and the other to the wavelength X^. 

3. Wavelength router according to Claim 1, characterised in 
20 that the coupling/decoupling (add/ drop) filter (l) contains in 
each case a reflection grating with a band width which extends 
over the decoupling wavelength X ± and the coupling- in wavelength 
Xi-i in this filter. 


25 that the wavelength difference corresponds to a wavelength 
interval of the wavelength multiplex. 

5. Wavelength router according to Claim 1, characterised in 
that the wavelengths X A for decoupling, and the wavelengths 

for coupling, are intermeshed or interlocked with one another for 
so coupling into the wavelength axis . 

6 . Wavelength router according to Claim 1 , characterised in 
that all the wavelengths \ L for decoupling lie in a first 
wavelength range, and all wavelengths X^ for coupling- in lie in a 
second wavelength range, located adjacent to the first in the 

35 frequency axis. 

7. Wavelength router according to Claim 1, characterised in 
that the bidirectional data transfer is effected via a common 
fibre (9).. 



4. 


Wavelength router according to Claim 1, characterised in 
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